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Introduction
Problems associated with engineering and transportation in lakes and
rivers prone to severe ice conditions can be alleviated, and in some cases
avoided with proper planning. Landsat data have been shown to be useful
in such planning efforts for control of ice jams and aufeis, for analysis of
flooding and breakup patterns, for assessing ice extent in rivers and lakes
for aiding transportation, and for locating winter water supplies in deep lakes
which do not freeae to their beds in Arctic Alaska. In addition, continuous
environmental data can be obtained and recorded remotely, in data-sparse areas,
by placement of a Data Collection Platform (DCP) which transmits pertinent
information via Landsat to the user. Landsat data can also be useful for
determining the location of shallow lakes which may be suitable for landing
aircraft on the Arctic Slope of Alaska. Lead patterns in the Great Lakes can
be studied as an aid to shipping and navigation.
The Landsat satellites have been operating since July 23, 1972 when
Landsat-1 (formerly called ERTS-1) was launched. Landsats-2 and -3 were
launched on January 22, 1975 and March 5, 1978 respectively and were equipped
with remote sensing capabilities similar to those on Landsat-1. The
Multispectral Scanner Subsystem (MSS) on-board the Landsat satellites is a
four-channel system which senses radiation in the visible and near-infrared
portions of the spectrt+m. Bands 4 (0.5 - 0.6 um) and 5 (0.6 - 0.7 um) are
the visible bands, and bands 6 (0.7 - 0.8 Um) and 7 (0.8 - 1.1 um) are
the near-infrared bands. The MSS provides imagery with a spatial resolution
2of 80 maters. Return Beam ^idicon (RBV) cameras, also part of the Landsat
payload, provide better resolution than the MSS sensors (24 - 79 meters)
but RBV imagery is not as available as is MSS imagery. The RBV cameras operate
in the -risible part of the spectrum between 0 . 48 and 0.83 mm (General Electric,
1978).
Landsat data can be especially useful in high latitudes for river and ice
studies because the Landsat orbit creates sidelap of images. Sidelap can provide
sequential data of the same features on more than one day in the orbital cycle.
In addition to the imaging capabilities, Landsat can be used as part of
a relay system which collects data from widely distributed, often remote places
through a ground-based Data Collection Platform (DCP) from which messages are
transmitted via Landsat to a central processing station and ► subsequently
disseminated to the user.
Each Landsat scene derived from the MSS covers an area which is 185 kilometers
on a side, or v 16,000 km2 in area. Analysis of a mosaic of several Landsat
images provides an overview which can be useful in analysis of regional patterns.
The history of ice patterns (for example: ice jam occurrence, aufeis distribution
and ice extent and breakup) can also be studied back to the launch of Landsat-1.
In order to maximize the utility of remotely-sensed data for river and lake
ice studies, Landsat data should be analyzed in concert with data from sensors
operating in other parts of the spectrum. Side Looking Airborne Radar (SLAR)
and Synthetic Aperture Radar (SAR) data prove to be compatable with Landsat
data for many such studies (Foster and Hall ; 1980).
3River Ice Engineering and Transportation
During the breakup period in the Arctic and subarctic, ice jams may
form when river waters rise beneath the ice cover eventually breaking up
the river ice into large floes. As these floes drift downstream, they may
become grounded on gravel bars or meanders of the main river channel thus
forming an ice jam or a blockage to the continued flow of water (Miller and
Osterkamp, 1978). Flooding ensues upstream from the ice jam and to the
sides of the river possibly endangering property, and impeding transportation.
Erosion and deposition of sediments may result causing dredging to be necessary
(Degtyarev et al, 1975). In some parts of Alaska, ice jams block the flow of
rivers for up to a week each May (Miller and Osterkamp, 1978).
Several techniques have been employed to alleviate (by 4lasting) and prevent
(by dusting) the effects of ice jams. The blasting technique is self explanatory
and is performed after the ice jam has occurred. The dusting technique is a
preventative measure in which sand or dust is spread on river ice and snow prior
to breakup (in April) in order to lower the albedo of the ice. Portions of the
river channel downstream from the ice jam location are dusted in order to
accelerate melting in specific locations prone to ice jams. Ice floes can then
move freely through a channel opened by this technique (Miller and Osterkamp, 1978).
The effectiveness of the dusting technique is dependent upon precise
pinpointing of the main river channel; Landsat imagery acquired in the fall can
be useful for locating the main river channel. In the Arctic, river channels
migrate and may not be in the same location from year to year. Miller and
Osterkamp (1978) found that Landsat band 4 imagery was useful for precisely
locating the main channel, and probable sites for ice jams on the Yukon River
(Figure 1). Using enlargements of Landsat imagery, they were able to specify
4target areas for dusting. They concluded that Landsat data were potentially
useful for ice jam prevention in Alaskan rivers and that conventional aerial
photography was too expensive to routinely monitor the thousands of miles of
Alaskan rivers that are subject to ice jam formation.
Stream aufeis can cause damage to engineering projects in Arctic and
subarctic regions. Aufeis, also known as icings and naleds, is formed by
ground or river water which continues to flow after the initial river freeze-up.
As the impermeable ice cover and the impermeable permafrost (or seasonally
frozen ground) coalesce in a river channel, hydrostatic pressure builds up
as intrachannel and subchannel water continues to flow (Figure 2). Cracks
develop in weak points in the ice cover and at the sides of the ice cover and
the water flows upward under pressure. This process continues in successive
overflows until the source of groundwater is exhausted (Carey, 1973).
Aufeis can be inadvertently be created by man's interrupting the natural
flow of groundwater during construction (Grey and MacKay, 1977). Waters which
form large aufei& fields in Siberia and Alaska emanate from deep groundwater
uVich are controlled by tectonic fracture patterns in the area (Osokin, 1978 and
Hall, 1980x)., Aufeis then forms at outflows from springs (Childers et al, 1977).
Knowledge of the locations of known aufeis fields in Arctic and subarctic rivers
is useful for delineating sources of freshwater (Carey, 1973) and for avoiding
the placement of structures (pipelines, bridges, etc.) near aufeis-prone areas
because of the great pressures which can be exerted upon such structures.
Large aufeis fields can be located and measured using Lanjsat imagery.
Holmgren and Benson (1974) found MSS bands 6 and 7 to be the most useful
for locating aufeis prior to snowmelt. The absorption coefficient for ice
5is higher in the near-infrared Than it is in the visible range of the spectrum,
thus aufeis appears darker than the snowcovered tundra in band 6 and 7 imagery.
Bands 4 and 5 show the best contrast between the highly reflective aufeis,
and the surrounding terrain on spring and summer Landsat imagery after the
snow has melted (Holmgren and Benson, 1974 and Harden et al, 1977). The
visible bands were found to be beat for measuring aufeis extent after snowmelt
(Holmgren and Benson, 1974 	 Hall, 1980b).
land 5 Landsat imagery was used to locate, measure anJ analyze interannual
variations in the extent of aufeis by Hall (1980b) for the years 1973 through
1979 for seven aufeis fields in the eastern Arctic Coastal Plain of Alaska.
The aufeis under study was found to vary considerably among the years studied.
Because of this inherent variability of aufeis, one cannot use one year of
information to determine aufeis extent when considering construction in areas
prone to aufeis development. Landsat data provide an historical record of
aufeis extent variations back to July of 1972.
The incidence of flooding due to aufeis in river channels was discussed
by Stringer et al (1976). Flooding can result if aufeis fills a stream channel
causing the streamflow to be diverted onto the floodplain. Flood waters will
freeze in the winter, but will inundate surrounding areas with water from
streamflow in the spring and summer months. South of Delta Junction, Alaska,
Stringer et al (1976) found a large dark area in band 6 and 7 Landsat imagery.
This was found to be flooded. Although the flooding had long
created problems in the town of Delta Junction, Landsat data enabled the
source and extent of the flooding to be mapped using spring 1974 imagery.
Stringer et al (1976) found that the best approach for identifying the
flooded areas was to simultaneously project bands 5 and 7 onto a viewing
screen, and reproduce the product for use as a map. Flooding resulting from
ci
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aufais is a major cause for highway maintenance often resulting in washouts
and should be considered in the design of any construction project in many
parts of Alaska (Stringer at al, 1976).
Holmgren et al (1975) used Landsat imagery to analyze the snow and ice
breakup patterns on the Arctic Slops of Alaska. They studied imagery before.
during and after breakup, in March, May and June of 1973. The main rivers
stand out clearly in all of the images probably due to a combination of the
presence of stream aufeis, riparian vegetation and topographic effects. The
rivers were found to be far more advanced in breakup than the surrounding tundra
and acted a3 nucleii of ablation from which melting occurred outward along the
channels. This lowers the local albedo and energy budget. Additionally, Holmgren
et al (1975) found that there was a time-lag in the breakup of rivers in which
the source regions wero restricted to the foothills (the Kuparuk and Putuligayuk
nivers). Rivers originating in the Brooks Range, such as the Sagavanirktok River,
experienced earlier breakup.
Innundation of coastal sea ice by rivers in northern Alaska has been studied
by Barnes and Reimnitz (1976) using Landsat imagery. Rivers flood prior to
complete ice breakup, and prior to the retreat of coastal sea ice. It is
important to be aware of the progression the coastal sea ice flooding for the
safe utilization of installations and transportation near deltas (Barnes and
Reimnitz, 1976).
Barnes and Reimnitz (1976) studied a four-day sequence of Landsat images
showing river flooding of sea ice from the Sagavanirktok River near Prudhoe
Bay, Alaska. They monitored the develcpment of flooding by noting the expansion
of dark areas of the Sagavanirktok River delta. They measured the inundated
7area from Landsat imagery and showed that it increased from - 18 km 2 to 43 km2
between May 23 and 27, 1973. Through their examination of Landsat imagery,
it was found that the rivers of the Alaskan Arctic Slope overflow in sequence
from southeast to northwest in response to variations in solar insolation at
different latitudes.
Potential transportation problems can be monitored using Landsat data. For
example, Quinn at al (1978) and Foster at al (1978) used Landsat imagery to show
the ice extent on Lake Michigan and the Chesapeake Bay respectively. Foster
et al (1978) demonstrated that different types of ice could be identified on
rivers which flow into the Chesapeake Bay. Ice types could then be classified
based on spectral signatures on an image analysis computer. Based on the
spectral signatures, visual analysis of selected imagery and in-situ measurements,
Foster et al (1978) inferred ice thickness on the Chesapeake Bay and its
tributaries. They noted that severe ice conditions during 1977 prevented an oil
barge from carrying fuel oil on its usual route on the Wicomoco River to Salisbury,
Maryland during the severe ice conditions experienced in the winter of 1977.
Lake Ice Engineering and Transportation
Accurate knowledge of ice conditions and extent on the Great Lakes is of
considerable economic importance. Wiesnet (1974) used Landsat imagery to
analyze the ice coverage of Lake Erie. He observed the formation of cracks in
the ice between two Landsat images taken on two different days (February 18 and 19,
1973). He further utilized Landsat band 7 imagery to observed breakup of the
ice near Cleveland, Ohio by moderate (10 knot) winds.
Another important use of Landsat imagery in lake ice studies is the ability
to infer the ice thickness of thaw lakes on the Arctic Slope of Alaska for
transportation, engineering and water supply uses. Sellman et al (1975a) have
8found that sequential ice cover changes as observed on Landsat imagery, can
be indicative of lake depth. This is because deep lakes retain their ice
covers longer than shallow lakes since the amount of ice to melt is greater
on deeper lakes. Furthermore, it is known that lakes deeper than about 2 meters
on the Arctic Slope do not freeze to their beds during the winters. These 'd!-p'
lakes are important for biological resources (overwintering fish) and water sup-
plies (Sellman et al, 1975a and 1975b). Used in conjunction with appropriately-
timed SLAR imagery, specific lakes can be qualitatively categorized according
to depth (Sellman at al, 1975b).
Knowledge of the locations of shallow lakes on the Arctic Slope can also be
important for transportation (O'Lone, 1975). Large-scale air support is required
during oil exploration, construction and off-shore drilling operations. The
possibility of landing wide-body cargo aircraft on lakes which are frozen to their
beds has been discussed (O'Lone, 1975). Only shallow lakes whcih are frozen to
their beads would be able to support such landings. Certain 'runways' on shallow
lakes may be usable from November through April (O'Lone, 1975). Candidate lakes
for such operations may be selected using both Landsat and radar imagery.
Conclusion
Landsat data have proven to be highly valuable for river and lake ice studies
using the MSS imagery and digital data. Landsat imagery can provide a regional
overview of an are&, or it can be used to pinpoint specific sites for transportation
and engineering operations. River and lake ice formation and breakup patterns
can be analyzed bacV. to the launch of Landsat-1 in 1972 providing an historical
perspective. The Landsat series continues to provide information on interannual
changes in river and lake ice, and also provides a record of natural events
that may otherwiue have gone unrecorded.
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